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SHEAH-LAC- TESTS Or TWO BOX BEAMS 
VITH ^''LAT COVERS LOADED TO DBSTRUGTIOIT 
By Patrick T . Chiarito 

SUMMARY 



Strain-gage tests ^rere nade on two "box "beams loaded to 
destruction in an attempt to verify the shear-lag theory at 
stress^f. "beyond the yield point. The test results indicat- 
ed thp.t the corner-flange stresses can "be predicted with a 
fair degree of accuracy. Collapse of "both beams was pre- 
cipitated "by failure of the corner angles at stresses close 
to the column yield stress of the material, 

INTRODUCTIOIT 

The engineering theory of "bonding is sufficiently ac- 
curate for defining the stresses in all the fibers of a 
prismatic "beam with a solid rectangular cross section of 
reasonable dopth-width ratio. A discrepancy appears when 
the beam is made from thin material and the cross section 
consists of distinct wobs and flfuigos. The discrepancy 
bocomos more pronounced when the flange is both wide and 
thin, as is common in ?^irplane structurers. 

This deviation from the engineering bending theory 
may exist in both the tension and compression flanges. 
Theories that have come to be knov/n as "shear-lag" theo- 
ries have been developed to take the- doviat i on into ac- 
count. A shear-lag theory appears in reference 1 with 
methods of analysis and oxpcrimentpl verification. 

Heretofore experimental investigations havo boon con- 
fined mainly to the study of shear lag at low stresses. 
In the present investigation, an open box beam was tostod 
to failure while strain moasuromont s wore taken near tho 
root. Tho beam was rebuilt, and another ult imat e- st r ength 
test followed. In this paper there are presented compari- 
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sons "betv/een calculated and experimental stresses for the 
two test "beams. All the analyses ^^^ere made in accordance 
with the methods of reference 1» 

Details of the analysis of the first "beam are given 
in the appendix. 

BSirailTG SSSTS CY TH3 BOX 

Specimens and Apparatus 

An open "box beam was tested to destruction, v:ith the 
cover on the compression side. She "beam v/as rehuilt and 
another test to destruction was made. The original "beam 
and the rebuilt beam will be referred to as beam 1 and 
beam 2, respectively. 

The cover was designed to have a sm^ll ratio of the 
area of the corner -flange an^rle to the area of the longi- 
tudinal stringers in order to yield a larger shear-lag 
effect than is usually found in actual structures. 'This ' 
desi^'n provides a rather severe choc-.^ on the theory. 

T est specimens .-- Becan.se the wing structure is the 
part of an airplane most affected by shear lag, the speci- 
mens for this investigation were built similar to an a.c- 
tual wing^ Details of the tost beams are shown in figures 
1 and 2. Both beams were made from. 24S~T aluminum alloy^ 
except for transverse bulkheads, which v/ero made of . steel. 
These bulkheads were flanged along three sides for attach- 
ment to the shear webs and stringers. 

Per the first series of tests the box was of constant 
cross section throughout. After failure the corner flange 
vras reinforced for a length of 22 inches on either side of 
the root by another angle formed from 0.064-inch sheet a.nd 
the second series of tests was performed. When the box 
was being rebuilt, the cover was moved 1-| bays longitudi- 
nally, and the surplus at one end was cut off and spliced 
to the other end. Thus, the prex^iously damaged part of 
the cover was moved to a point of comparatively low stress 
Hew corner- flange angles wore used. 

The full span, vrith symmetry about both the longitudi 
nal and transverse axes, was used in order to obtain the 
closest possible approximation to a fixed root. Local var 
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iations in the material and accidental eccentricities in 
Construction and test loading still present an obstacle to 
the ideal fixed-root condition. 

ApT)aratus Details of the apparatus are shown in fig- 
ure 3, In order to facilitate the actual loading opera- 
tion, the douhle v/hippletree was used to anchor the hean to 
the floor "by the steel straps at the hvilkheads. The load 
was applied at the center of the full span "by a portable 
hydraulic jack of 100 kips capacity. 



Procedure 

Loadintg condi tions.- Two c o:" :l t i on s of loading were 
used: (l) one concentrated load at the tip of each shear 
woh and (2) four concentrated loads equally spaced along 
each weh of the half span. This di strihut ed-load condi- 
tion was used for the tests that v;ero carried to failure 
"because it approximates actual loading nnd also produces 
a larger shear-lag effect for a given tending moment at 
the r oot . 

Method of ohtaining dat a.- Strain measurements were 
taken on the four quadrants of the cover of the full span 
near the root. As shown in figure 4, strain gages were 
mounted hoth on the outside of the cover and on the inside 
leg of the Z~strin,-:or s . At the root station no gages were 
used on the inside "because of interference "by the "bulkhead. 

All strain measurement s .were made with resistance- 
type electrical strain gages. There were approximately 
135 strain gages used on each "beam. 

Strain was measured at a minimum of three load read- 
ings in the elastic range for each test in order to check 
the linear variation of stress with respect to applied 
load. In order to reduce thermal errors in the measured 
strains, a reasona'ble amount of control was exercised over 
the temperature in the vicinity of the test spepimens. 

Conversion of strain measurements to str essors . - The 
stress-strain curves for the materials of the cover 
(corner angle, sheet, and stringers) were ottainod ty the 
standard pack-compression method developed "by the National 
Bureau of Standards (reference 2). Those curves were used 
for converting strain measurements to corresponding 
st r c s se s • 
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Accuracy of measnrQiiient s The total aprlied jack load 
was accurate to appr oxiiiin.tolj 0^5 porcent. The thicknesses 
of all parts nade from flrit sheet -Trore ohtainod "by microni— 
eter mGasiirGmont s accnrato to ahout ±0^0002 inch. The 
areas of the tension flange angles wc^e taken frora a struc- 
tural aluminum handhock. Although the possiole error in . 
the areas of these angles was larger than for other parts 
of the beam. cross section, the values v/ere considered sat-- 
isfactory. Strain measurements wore made v/ith an accuracy 
estimated t o "be ^4 percent, 

SYIiBOLS 

Ap area of flange, 3quare inches 

Ajj area oi longitudinal, snnaro inches 

■^st ^'^^^ 0^ idealized stringer, f^quaro inches 

Aj total area of cover, square inches 

S Young's modulus, pounds per square inch 

G effective shear modulus, ponrds per squsre inch 

I geometric moment of inertia, inches'^ 

K shear— lag parameter 

L length, inches 

M "bending moment , pound-finches 

S shear force, pounds 

X change in stringer force caused by shear deformation 
of cover shoot, pounds 

T auxiliary parameter (equation o:C reference l) 

b width of half "beam, inches 

distance between rivet lines of adjacent stringers, incli'-^s 

bg width of substitute beam, inches 

c distance froij controid to oxtremo fiber, inches 
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h 


effective depth of "beanj, inches 




t 


thicknoss of covor shoot, inches 


o 




thickness of sheaT weh , inches 


1 




effective width of sheet, iiiches 




y 


distance froa center line, inches 




Yr 


distance frou center line to resultant internal 
force , inches 




y 


shenr strain 




p 


raiiiis of gyration, inches 






normal stress in flange, potinds per square inch 



nornal stress in longitudinal, po^mds per square inch 

p 

a normal stress based on the assumption that plane 

cross sections rerain plane (Mc / I ) , pounds per 
square inch 

TEST RESULTS AlTD COMPAEISONS WITH CALCULATION'S 

Strain— G-a go Tests 



The strains measured on the outside surface of the 
cover differed greatly, at each garo station, from those 
measured on the inside legs of the 3— st r in^-crs . F.?.ctor9 
that niight have contrih"ated to these l.^rgo differences 
were: (l) secondary tending in the stringers and (2) in- 
adequacy of tho rivets for t ran srj i 1 1 ing the required forces 
to the st ringers e 

The co:;jparison between the experinontal and calculated 
values was sl...plified by converting all stringer stresses 
to equivalent stresses at the ccntroid of the cover. This 
conversion ^ras made by assuuing linear variation botwoon 
the stresses racasured on the outside of the cover sheet 
and those rjoasured on the inside l^gs of the Z— stringers. 

Bean 1 with distributed load ^-^Tho chordwiso dlstribur- 
tions of stre sses vt several s t al i ons near tho root are 
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shov/n in figure 5 for beam 1 with four concentrated loads. 
The data and calculated curves are shown for two values of 
load; namely, 8000 and 14,000 pounds jack load, or 500 and 
875 pounds, respectively, at each loading strap. The^lower 
load produced stress distributions that were typical of the • 
elastic range; the higher load represented the highest load 
at which strain measurements were taken. 

?or the lower load the agreement oetvieon calculated 
values and test points is fair at the root. The curve 
does not fit the experimental points exactly. The corner- 
flange stresses agree very well, however, and the sumn^a- 
tion of the internal forces in the cover balances the ex- 
ternal force M/h. 

In the chordwise plots at stations 2^ and 5 inches from 
the root, the low experimental values in the vicinity of the 
corner flanges indicated that the forces might not have 
entered the cover as predicted. This opinion w^ s supported 
by the comparison between the internal and external forces. 
The internal forces were found to be 14 and 17 percent lower 
than the external forces at stations 2^ and 5 inches, re- 
spectively. Because strains wore not measured ^^t every 
stringer across the entire width of the cover, the measured 
strains were used to estimate the strains that were lacking. 
These estimations may result in errors of approximately 
±10 percent in total internal force. Inasmuch as the flange 
includes more area than pny single stringer, a low- value 
of stress at the fl^rnge has a noticeable influence on the 
total internal force. 

The flange stresses were obtained from strain measure- 
ments taken on the cover shoot near the flange rivets. De- 
formations in the rivets, owing to failure of the rivets to 
fill the rivet holes completely, might have caused the 
forces to remain in the corner flange ra.ther than to be 
transmitted to the adjoining shoot pnd stringers. 

As shown in figure 4, measurements were taken on the 
cover shoot next to the flange. The experimental results 
for those gages should therefore bo compared with values 
calculated for the outer fiber of the cover sheet. On 
the other hand, the weighted average of the measurements 
for each Z-stringer should be compared with the. value cal- 
culated for the controid of the cover. Thus, there is one 
calculated curve for each load at the root where strain 
measurements were taken only on the outside of the cover 
sheet, and two curves at the other stations where strains 
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v/ere measured on the Z-strin^ers as v/ell as on the cover 
sheet • 

For the higher lend, 93 percent of ultimate, the 
corner-flange strosces at the root vrere net chtnined. S'ig- 
ure 5(aj shO'^s that the other values follow thu trend of 
the data for the lower load v/ith the exception of stringer 
9. Tho unusually hi^.h stress in t/J. s stringer may "be the 
result of a localized bonding. (At failure, stringer 9 
was disjoined from tho root bulkhead.) I'his effect con- 
tinues at station pJ^ inches; the corro spending value at 
station 5 inches. v/as not obtained. 

Tailuro to obtain strain reading's at the flange for 
tho .lack load of 14,000 pounds made it impracticable to 
compare internal and external forces, The weighted aver- 
ago of tho sbrosses in tho S-etr in.-^or s is shoi^rn for both 
loads. Agreenent of this avor/^ge with the calculated 
c-.-'rve was good at 8000 pounds. It seenis, hov;ever, that a 
di f f er ent as sumpt i on for weighting should be used at 14,000 
pounds. Too nmch v/eight was apparently given to the stress 
a.t the outside of the cover sheet at high stresses. 

The tx-ro values of calculate-" s-ress that appear near 
the flanges - both for the stresses calculated without 
shear lag (Mc/I) and •%^ith shear lag - are for the cen« 
troid and the outer fiber of the cover. 

B eam 2 with one concentrated load at t .ip . - Beam 2 
was tesbed for chocking tho distribution of stresses for 
the tip-load condition v;ithout causing any of the mate- 
rial to yield; the maximum .jack load was therefore restrict- 
ed. Tho chord^'.'ise distribution of experimental stresses 
(fig. 6) at the root is in satisfactory agreement with the 
calculated values; the sum. of the internal forces conse- 
quently checks with the external force. 

Be am 2 with distrib ute d lead.- 5'igure 7 shows the 
chordwise distribution of stress at severr^l stations for 
jack loads of 10,000 and 17,600 pounds or 525 and 1095 
pounds per loading strap. As in the case for beam 1, the 
lower load on beam 2 gave typical results for the elastic 
range, and the higher load was the highest load at which 
strain measur em.ent s were t^kan. The agreemient between 
calculated and experimentnl values is f-^ir at the lower 
load. The strains that v;cre measured near the heel of the 
outside corner angles at the root corre sioonded to stresses 
that were approximately 10 percent gre?^tcr than tho calcu- 



8 



lated stress for the root. The theory yields, however, a 
c^^lculatod stress in a fictitious corner flange of zero 
width* The flange actually has finite width and a chord- 
wise varic^ticn in flan^^o stress exists. The sunimation of 
the internal forces is approximately 7 percent greater 
than the external force at the root station and 5 percent 
lower at stations 2"| and 5 inches, 

^'or the jack load of 17, 500 pounds, 98 percent of ul- 
timate, the experimental values at the root agree very 
well with the calculated curve in the vicinity of the 
flanges. There are several "v:ild" points on the cover, 
which may indicate local di stur'oance s . At stations 2^ and 
5 inches the experimental values at the centraid. p.re appre- 
ciably higher than the calculated vr,lues. As in the case 
for team 1, less v/eight sho'ild he .^iven to the stress at 
the outside of the cover shoot in the evaluation of the 
stresses at the centroid. The stresses measured on the 
cover sheet near the flange rivet are much lower than the 
calculated values; whereas the a ..*eement "between calculat- 
ed and experimental values for the corner angles is very . 
good. These comparisons support the argument that the 
fla,nge rivets "between the root and station 7-^ inches did 
not transmit the forces as expected. The sum of the in- 
ternal forces in the cover agrees with the external force 
within 2 percent at the root, 3 percent at sta.tion 2i 
inches, and 8 percent at station 5 inches. There v/ere no 
signs of "buckling of the cover shoot hotwcen rivet-s. 

Tho "better agreement of forces for beam 2 as compared 
with hoam 1 is explained "by the fact that measurements 
were taken on the corner-flange angle for heam 2; vrhereas 
the flange wa.s assumed to have the stress indicated "by the 
gage next to the flange rivets for "beam 1, 

Measuremen ts ^ t hi,^h loads .- Curves of a.pplied load 
plotted against stress, for all individual measurements, 
showed that the stresses were not proportional to the 
loa.ds in the higher regions: They were larger than calcu- 
lated for 50 percent of the gages, equal for 55 percent, 
and lower for the remaining 15 percent. At present there 
is not enough information properly to explain this behav- 
ior. If a satisfactory explanation is sought, it should 
"be rememhered that the yield point of the material has "been 
exceeded in se\^oral parts of the "beam. Other factors that 
may help to explain the discrepancies are: tlie cover sheet 
"buckled, with resulting loss of e:^f ect ivene s s , at a jack 
load of 10 kips; the rivets in t; o stringers might have 
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"boon inadequate for transmitting tho required force from 
cover sncet to Z-^stringorr and local bonding in the string— 
err^ oxistodo 

Ultiiaato Strongth Tests 

Failure 3 of boams o>--The failure in boair! 1, which oc- 
curred at a' jack YJad of 14,300 pounds with tho distributed- 
load condition, is Bhown in xi^,uro Oo The corner flange 
failed first, follo\/ed by failure of tho adjoinin.^ stringers. 
In order to prevent es;tonsivo damage of the spcclrpon the jack 
load was released at an early si,::n of destruction^ The 
stringer next to tho flan.^c -ras no vortho le ss torn near a rivet. 
Tho str infer alon^ tho lon^Titudinal center line (stringer 9) 
war. disjoined from the bulkho-'^.i nt tho r-jot. This bulkhead 
suiferel l^ad dir>tortions at several places near tho stringers; 
thGr>o distortions iudicatod the exiiitence of largo secondary- 
bonding forceSo I'-^ ^-^^ second bea^ the root bulkhead was 
attached to the stringers by a 1-by 1-by l/S-i^^^ch steel angle. 

Beam 2 failed at a jack load of 17,900 pounds with the 
distributod-loo,d condition. figure 9 shows the details 
the failuroo -^^ beain 1 the fl- . -c ^^as first to fail, 
followed by tho failure of sovorr - aCJoining stringors* Unlike 
bea.j l,^hich failed vr^raiually , beam 2 failed very suddenly. 
The corner— flange matorial '-/as tern, as was tho material in 
tho threo adjoinin^T strin^crrso In contrast to the stringers of 
beam 1, all tho strine;:ers remained attached to the bulkheads. 

S t ron£th_o,f_corno^ The calculated ultimate 

stress, in the flanr:o at tho root station, for boaiu 1 was 
47,400 pounds per squ.re inch; whereas 50,450 pounds per 
square inch was calculated for beam 2^ These values are quite 
close to the column yield str.)ss of 50,000 pounds per square 
inch (reference 7, ^ fig* 5-1)^ 

Strength^of covc;r sheet s If one Z-strin/^er and the 
width^f ""c ovor sheet th-t accompanies it are isolated, tho 
radius of gyration P of the section is found to be 
0.?50 inch. If the support civon to the stringers by the 
b\ilkh:;ads is assuned to oe the equivalent of a pin end, 
the effective column length of the stringer is L = 22 
inches^ The resulting sionderness ratio, L/ p = 6r^, is 
used to obtain tho allowable column strength from the ap- 
propriate curve for 24S~T material (reference 3, figo 5-1), 
The allowable column stress is 23^000 pounds per square inch^ 
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At failure the r-axiiiirirx Mc/I stress v:as 24,400 pounds 
per square inch for tea:n 1 and 29,000 pounds per square 
inch for "beam 2. -hese values may oe interpreted to moan 
th-t the stringers ^'^ero first to fail, with average fixity 
cooificients of 1.08 and l^ol, respectively. Inspection 
of the Various parts of "both Deams under load, hox^^over, 
shox-xed that failuro first occurred in the corner flanges* 
The fallacy of the argument that the stringers failed l)y 
instalDility is obvious also "boc.nuso increasing the area of 
tho corner flange can hardly he expected to increase the 
fixity coefficient developed oy tho stringers. 



C0H.CLUSIC!TS 



Shear lag is ^^n integrated e-^ioct over tho structure 
nnd. yielding in local arens of tho cover (such as the cor- 
ner flanges at the root) should have little influence on 
tho total effect. The shear-lag theory should therefore he 
valid for predicting the "bending stresses in the cover of a 
hox hean for high loads as vrell - ^ for loads that produce 
stresses below the clastic liiuit of tho material. 

The results of the tests doscribod in this report tend 
to confirm tho foro.'^oing theoretical conclusion. The ex- 
porimcntal corner-flange stresses, which are tho highest 
stresses in the cover, agree fairly well with the -calculat- 
ed stresses at all loads. The ultimate stress developed^ 
hy the corner flange, ■'Adhere failure started, was found to he 
quite close to tho column yield stress. 

Langley Memorial Aeronautical Laboratory, 

■Rational Advisory Committeo for Aeronautics, 
Langley 'iMcld, Va^ 



APPEHDIX 



ANALYSIS OF MULTISTRINGER BEAM 1 BY THE SUBSTITUTE 

SIITG-LE-STRINGSH METHOD AI^TD TH HECjRRSNCS EORMULA 



Idealization of cross s oct ion>>- As the first step in 
the analysis of "boain 1 the idealizod cross section is found. 
All offoctiVG preas pro considered to "bo concentrated in 
points that arc joined "by a fictitious shear - carrying cover 
shoot (fig. 2). xhe effective width w of cover sheet for 
tlie stringers is taken as one-h^^lf the stringer spacing 
"b^^ ; no effective width is t-^.^ien for the flange. The entire 
v/eh is assumod to do effective in bending; one-sixth the 
'^vop. of the web is therefcr3 considered to be concentrated 
f>t the flange . 

The area of the idi^alisod flange A;^ consists of the 
following parts: 

( s q in.) 

Corner angle 0.0848 

Cover sheet, from rivet linj to free ed.re 

(0.25 X 0.0422) 0106 

Equivalent of web (l/5 x 6.30 x 0.0806) .... .0847 
A51 0.1801 

The first strin»e:or next to the fl^-.nge is assumed to 
consist only cf nn effective width of sheet equal to 20t ; 
the area of this stringer is 



n 



0 X 0.0422 X 0.0422 = 0.0556 sq in, 



E,ich of the seven n.djoining stringers consists cf a 
S- f^tif f dn'er «^.ud two strips of sheet each one-half as wide 
as b3_ . The r^req of the idealized stringer is 

A. 4. = 0.0664 + (2 X X 0.0422) = 0.1560 so in. 

The stringer at the center line has cne-h=^lf this area, 
or 0.0780 sq in. The tot^^l .^rea of the longitudinal is 

Ar = 0.0356 + 7.5(0.i:;60) = 1.206 sq in. 

The analysis of this mult i st ringer "beam is made "by the 
substitute single- st ringer method rnd the recurrence for- 
mula . 
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First ap-pr 0 si mat ion o f _ suTj st itut o._sl l_G.rLst.?Lln£0 r 
s tructure The "basic dntp for this banm appop.r in tablo I. 
Ao tho first approriicfition, n.11 the stringers that_n.ro in- 
cluded in At are coin"blnGa into a single longitudinal, 
which is loc'-tod -^t tho ccntroid of the stringers. 

, _ (7X0.156x4x?!.135) + ( 0.073x3x2.135) _ p g., 
— 1.206 

Thus, the controid is found to ho a..83, inchG s' f r o:m...th:e- flan-ge. 
According bo definition, this distr.nco is tho suhstitute 
width hs th?.t is used as the first approximation in tho 

ca 1 cula ^ i ens . 

from tho assumption that the ratio = 0.335, the 

shear-lag parameter K is found as follows: 



C:^3_5_X_0_JD432 /' 1 + l._ 

•""8.93 VC.130 1.30; 

C. 0 018 4 X 6. 3 S3 



li^ = 0.01177 



when CO 

K 0.1081 



Tho ceam is divided into hays along the span, tho weh 
shear heing constant tiirowghout each hay. Stations are 
taken at each i^cint of applica+ion of load; four equal 
havs result. The ^-oanwise variation of the corner flange 
stress 0-^ is known to oe large near the root. The root 
"bay is therefore subdivided into two hays and another sta- 
tion avvears. Unequal :)a"s were used so that a station 
at which strain measurements wore i:aken woula result. ihls 
spacing of stations allowed comparison of the group of ex- 
perimental values with the calcu. atod curve of distrihu- 
tion without interpolation "between stations. 

, f 

C 2lculatlojis_Xojr_ AiJltriJ'- 
Ih.- "■ahlc II shows tho dotailod calculations of tho coef- 
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o 
on 



ficients th^t nre used in tho recurrence formula. Because 
G- p.nd t are constant throughout the "be^m, the commcn 
factor Gt has been omitted from all coefficients, as an 
arithmetical simpl i f i cat i on . 



When 


the 


coefficients 


t h a t 


were computed 


in tatle II 


nre used., 


the 


equations ic 


r the 


X-iorces are 


written 


no- 


cording to 


eqr 


at ion (5) of 


reference !• The 


"boundnry cou- 


d i t i 0 n 3 a re X 


= 0 at the 


tip and Y - 0 in 


the fouiid.^- 


tion ba.v, 


or 


X^ r- C and 


V 

'^r + i 


0. The equations 


ire 




~ X 


;i,(0.11C0 -1- C 


.1100) 


+ Xs(0.C202) 


= -69 


+ 138 


Xi(0.0302) 


— u\ 


^..(0.1100 + G 


.HOC) 


+ X^(0.0202^ 


= _ir^8 


+ 307 




_ X 


3( 0.1100 + 0 


.IISO) 


+ X4( 0.0471) 


= -207 


+ 376 


X3(0.0^71) 


- X 


4(0.1180 + 0 


.1615) 


+ XsCO.lSOO) 


= -37 6 


+ 376 


X4(C.120C) 




5(0,1515) 






= -276 




X h e s e 


equ 


attions were 


solved 


nnd the coinputntion 


of 



the stresses in the suostitute single- stringer "beam is 
given in tahlo III. 

Second '^pTpro'-yi nation oT su hs titut e sint^le- st r i na:e r 
structure . - ?or the first q ppr oxi xaa t i on the substitute 
width of "beam i^r^s taken as the distrnce from the flange to 
tho controid of the longitudinals. In the second •^approxi- 
mation 133 is tno distance from the fl'^ngo to tho result- 
ant internal force in tho longitudinals. Computation of 
tho new values of "bg , howovor, is net necess-'^ry; instead, 
a 0 orr e ct i on. 1 0 IC may be found from figure 15 of reference 
1 and appl ied di rect ly . After the second approximation the 

fa.-^tor J2 [1 - (yj./'b)j differs by only 1 percent from 

the corr esporiding factor in the first approximation. The 
second aTopr oximat i on is therefore ta>::en as final. (See 
table lY. ) 

Ga lcul ation of ch ordv/i se st ress di st r ibut i on . - After 
the spanwise distribution of stresses in the substitute 
single--st ringer bean has been found, tho chord^^ise distri- 
bution ic calculated. 'The computations are ?.hown in table 
V. I'he final values of stresses are the "corrected values." 
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The calcnlations are repeated to find the chordwise 
distribution at tne other station^^. If a crosc s3ction 
intormadiate to tho original stations is tein,- considered, 
tbT bay in onestion is trc-.atod as a free paaol, and tho 
X-forcU at 'tho cross section within this bay aro calcu- 
lated by tho follow In,?; interpolation formiTla: 

T _ V sinb K(L-x) „ s inh .K x 

whore x is fflcasured from station (n-l) and L ic the 
length of ths bay^ 

Calculation of str--'-'^'io<?. at any loac'5*'- it will bo ro— 
c n 1 1 e~'tS:^ ■thri^?3cZdT¥i~cTI ari^'Tbli s w r o mado for a 
concontratod load of 500 pounds r.t oach bulkhead. In order to 
find the -.5 tress distribution at any load, tne Toroport i onal 
part of tho stroGsoB calculated for 500 pounds is taken, ihis 
simple linear rolationship exists as long as tho stresses 
do not cause buckling of the covo7 sheet. 

Afte-^ the critical buoklinff stress of tha cover sheet 
is exccedod, the sheet coxitinues to become less offectivQo 
In calculations for the stresses those cross sections 
that have suffered such a loss of effective area, tho re- 
vised section pro-ortios munt be determined.. 

The effective width of cover shoot is calculated by 

Mare;uorre's approximation formula 



3v; - bi y<J^^ h 



offoctivo -Tidth of slioot 
distance botTToen ri^vct liros of aljoi-ning strin^^ers 
o conprossivo buckli.ir^ stress 

a average stress in gtringnrs 

The critical bucklinf? stress of tho cover sheet was found 
by assuiiing oach panel to be simply supoortod at the ^- 
stringors and to have an aspect ratio of infinity (rcfcr- 
Giice 4, p. 605 )e These assumptions gave a value of 
a = 15,000 ; otinds per square inch^ 

For beam 1 '.vith dis tribute loal the covpV shoet was 
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found to "be 91 percont offoc'rivo in rosivSting comprcssivo 
forces. ThG final stresses at a jack load of 14 , 000 po^indg 
are shoT^m in lig. 4. TLo cover sheet was 83 percent ef- 
fective for "beam 2. 

"A'hen a beam is analyzed at stresses teyond the "buck- 
ling stress of the cover, it is usually necessary to re- 
vise only the ori.^inal I'c/I calculations "by taking into 
account the reduction in the effective area of the cover. 
Although the coefficients used in the recurrence formula 
may "be changed by these revised --voas, the X-force at any 
station depends, for the most par" , upon the average condi- 
tions for the entire "beam (that is, upon the average ^ value 
of K) . The individual vr luo of K at the station in 
question has little influence on the X-force. Therefore, 
the X-forces as obtained from the calculations for low 
loads (entire area of cover effective) are used. At ^nj 
station large changes in effective areas result in rather 
small chan,;es in X-forces nnd still smaller changes in t o^ 
t«l stress. Thus, the need for reiDeating the X^force cal- 
culations is :Drecludecl. The stresses duo to the X-forccs 
are changed for the stringers only, because the flange 
suffers no loss in of f octivenoss • Prom the nevr values of 
the calculations for the chcrdwise distributions of 

stress are made as before. 
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TABL^il I, 

BASIC DATA FOR ANALYSIS OF TEST SEAiViS 



Beam 


A J, in 
root "bay 

(sq ir. . ) 


Aj, in 
typical 

bay 
(sq in. ) 


(sq in,-) 


A;, of 
root bay 

( s q in.) 


A J of 
typi cal 

"bay 
(sq in, ) 


t 

(in.) 


h 

(in.) 


1 


0. 180 


0.130 


1„2C5 


1.386 


1^386 


0.0422 


6 .30 


2 

— 


.2-^5 


. 176 


1.206 


1,482 


1, :^82 


.0428 


6„70 
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TABLE II,- COMPUTATION OP COKFPICIEFTS POR R K C URK M gg PORIRJLA 
(PIRST APPROXIMATIOI) 

7- = 5.56; ~ - 0.828; - O.87O; h - 6.50 In. I I • O.IO8I; 



i * 0.585; Jack load » 8OOO lb 



Bay 


L 


KL 


tanh KL 


■Inh KL 


P 


q 


S 

(lb) 


S/h 
(Ib/ln.) 


Y 


1 


22.0 


2.58 


0.985 


5.556 


0.1100 


0.0202 


500 


79 




2 


22.0 


2.58 


.985 


5.556 


.1100 


.0202 


1000 




41 




22.0 


2.58 


.985 


5.556 


.1100 


.0202 


1500 


258 


207 


I 


11+. 5 


MI 


.917 


2.299 


.1180 


.Ol;71 


2000 




276 


5 






.670 


.902 


.1615 


.1200 


2000 


518 


276 



TABLE III.- STRESSES IN SUBSTITUTE SINGLE -STRINGER BEAM 
(PIRST APPROXIMATION) 

- = 8.27 In. 5 (for outside fiber); Ap « O.18O aq In.; 

At = 1.206 sq In.; Jack load « 8OOO lb 



Sta- 
tion 


X M 

(in.) (Ib-ln.) 


(Ib/aq In.) 


X 

(lb) 


X/Ap 
(Ib/eq In.) 


(Ib/sq In.) 


(Ib/aq In.) 


°L 

(Ib/aq In.) 


Oi/Op 


Yb 


1 

2 

I 

5 


22.0 11,000 

li4.o 55,000 
66.0 66,000 
80.5 106,250 
88.0 110,000 


1,550 
5,995 
7,990 
12,825 
15,510 


-5U7 
-556 
-118 

1049 
21+88 


-1,950 

-1,975 

-656 
5,825 
15,820 


-600 
2,020 

16,650 
27,150 


-288 

870 
2060 


1,618 

^'o§8 

11,955 
11,250 


-2.70 

2.12 
1.10 
.6k 

.h2 


1. Uo 
i.oU 

i!^o 

2. U5 


Total 6.79 
Average I.56 



From figure I5 of reference 1 



= 1.052 (for correcting K) 



TABLE IV.- STRESSES IN SUBSTITUTE SINGLE- STRINGER BEAM 
(SECOND APPROXIMATION) 



[jack load = 8OOO lb] 



Sta- 




X 


X/Ap 


°p 


X/Al 


^L 




Yb 


tion 


(Ib/sq In. ) 


(lb) 


(Ib/sq m.) 


(Ib/aq In. ) 


(Ib/aq In.) 


(Ib/aq In. ) 


1 


1,350 


-327 


-1,815 


-U85 


-271 


1,601 


-5.50 


i.ko 


2 


3,995 


-357 


-1,870 


2,125 


-279 




2.01 


1.05 




7,990 


-151; 


-745 


7,2U5 


-111 


8,101 


1.12 


.55 


I 


12,825 


965 


5,350 


16,175 


798 


12,027 


.66 


1.55 


5 


13,310 


2379 


13,200 


26,510 


1970 


ii,5Uo 


.1+5 


2.30 














Total 


6.65 














Average 


1.55 



Prom figure 15 of reference 1 
1 _ 1 



V0T876 



1.068 



L-307 

TABLE V. - COMPUTATIOIT OF CHOHDWISE STEESS DISTRIBUTION AT ROOT (STATION 5) 

[Jack load = 2000 ITj] 



stringer 


y 


Y7 


cosh Yy 


a 

(1) 


1 

^st 
(sq in.) 


aAgt 

ilc) 

(1) 


a 

^,1 D/ sq m • ; 

(2) 


(lb) 
(2) 


1 


b 


2.30 


5.0U 


26,510 


0.036 


(955) 


26,510 


955 


2 


7 - 


2.01 


3.81 


20 , 000 


.156 


3.120 


21,000 


3,280 


3 




1.73 


2.50 


15,250 


.156 


2,3:0 


lG,000 


2,U95 






I.V4 


£.22 


11,575 


.156 


1,220 


12,250 


1,910 


5 




1.15 


l.yi!- 


9.150 


.156 


i,U'!5 


9.510 


1,500 


G 




.ss 


i.Uo 


7,350 


J. 56 


1,1^5 


7,73c 


1,205 


7 






1.17 


6,150 


.156 


960 


6, '460 


1.C05 


Of 

0 




• 23 


l.OU 


5/470 


.156 


G55 


5,730 


353 


■ . 


0 


0 


1,00 


5,250 


.07s 


i;io 


5.320 


U32 


Totals 


1.206 


; 12,115 


, .. .... . . 


13,680 



^Uncorrected valn.es. 
"Corrected values. 



(JlAl = 11,5^ X 1.206 = 1^,700 Correction factor = "^^"^ ^ = 1,050 

-95^ 12115 

12J^ 



I 
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6.30 



t -0.0606 



Z- l»| xO. 0396 
A = 0.066,d 
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Figs. 1,2,4 
F^=^p=' (^a) Ac+uol cross sec+ion. 



-^t^o.oftO(; 

ArO.O<2,<2>4 
A=0.0846 ' t= 0.0422 

1" ^1 41 



A- o.iooo 

(I) 



, 8@2^=I7 , 



(2) 



(a) Cross sections of beam 2 for (l^iroot bay 
(2) typicc3l bay . 



station 
2 



4 15 
I ^ 



I I 



""T 



P tp 

4 @22=88 



— f 



p 



(b) Half-span of beams I and 2 vvith 
distribuied load. 

Figure I.- Dimensions of t^st beams, 



G.30 



(b) Idealized areas. 



A-0.»60| A=0,15G0 

A>0.O356 A = 0.07ao 
® @ ^ ® @ @ \ 



S.30 



(c)Substitu-l'e single 
stringer beam. 



Ap= 0.I60 



A^. I.20(i 



8.82 



figure 2.- Ideoiization of cross sec^^ion 
of beano I . 



Bzsa Strain gage 
_ Centroid of cover 



±.1. 



(a) Beam 



(b) Beam 2. 



Figure 4.- Typical (ocations of electrical 
strain gages. 
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Jcick load (kips) 
8.0 14.0 

__ o + Experimenfa/ on outside of coi/er 

P X 
A O 



Figs, ^e jp 



" ins/'de /eff of stringer 
" at cenfroid ( weighted ai/erage)_ 

Caiculated without shear iag (Mc/J) 
with 




lO II 12 13 14 I! 



(b) Station 2^2 "^ches. 




id) Roo-h <b-\-Q-i\oVi . 
Figure 5.- Chordwise distribution of stresses in beam 1 with 
distri but€>d load- 
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Figs. 5c^6 
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(c) Stc;»tion 5 inches. 
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Figure 5 .— Cone \uded . 
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t> Exper/menta/ 1 I 1 
C a/ca/ofecf wifhomt shear iag 
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Stringer 



Figure>6.— Chord wise distribution of stresses a\ root s+Q+ion 
m beqm 2 with tip loc^d- 




O J 1 1 ' ^ 1 ^ 1 1 ' ' ^ ' ^ i ^ L 

I 2 3 4 5 1 (5 9 lO II IZ 13 14 15 i<b 17 



(b) Sfafion 2'/z ii9ches. 




I 2 3 4 5 6 7 e> 9 /O II 12 13 14 15 l<S I? 

6tr/ ng er 

{q) Root st6if ion. 
Figure 7 .- Chordwise distribution of stresses in bQom 2 with 
distributed locid. 
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Figs. 7c,d 



48 
44- 
40 
36 



_Ji3c(< load (kips) 
10.0 17.5 



-h Experimento I on oufs/cfe of cover 
X 'I " inside leg of sfr/nger 
o " af cenfroid (yve/^/7f€d Oi^ero^e) 
Ca/cu fated without Gheot /ag (Mc/I) 
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(d) Station 7 !/2 inches. 
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fc) Stotion 5 inches 
figure 7 Concluded . 



